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1. Introduction
  Brucella canis (B. canis), a rough species of the genus 
Brucella, causes canine brucellosis characterized by abortions 
in females and testicular atrophy, epididymitis and infertility 
in males and generalized lymphadenitis in both sexes. It is 
usually a clinically inapparent disease and many infected 
dogs may go unnoticed. For the first time, Carmichael 
identified B. canis in 1966 as the cause of abortion among 
beagle dogs in the USA[1].  Since then, it is reported from other 
parts of the world. The isolation of Brucella by culture method 
from clinical samples is time consuming, less sensitive and 
poses risk of infection; therefore, diagnosis is mainly based on 
serological confirmation by tests like rapid plate agglutination, 
gel immunodiffusion, and I-ELISA[2] using different types of 
antigens viz., whole killed cell, cell wall extract, sonicated 
extract etc. Most of these tests are sensitive but many false 
positive results have been found[3,4]. Although LPS provokes 
a strong antibody response, there are some major drawbacks 
using antigen preparations containing LPS in case of rough 
strains like B. canis. Hence serological diagnosis of canine 
brucellosis still remains a challenge. 
  Identification of immunogenic proteins is a step forward 
to understanding of the humoral immune response during 
Brucella infection. B. canis probably has a unique antigenic 
determinant that is common in non-smooth Brucella strains 
and different from the determinants of other smooth species. 
If an antigen with the specific epitopes were separated from 
B. canis, a specific serological test could be developed. In 
the present study, both external and internal (cytoplasmic) 
antigens were extracted from B. canis by standard protocols 
and used in a battery of tests to assess the seroprevalence of 
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B. canis infection in dogs.  
2. Materials and methods
2.1. Antigen preparation
  The culture of B. canis MEX 51 strain was procured from 
the Brucella Laboratory of the Division of Veterinary Public 
Health, Indian Veterinary Research Institute, Izatnagar and 
tested for purity. Then grown on potato infusion agar[1] and 
harvested in PBS (pH 7.4). The collected cells were used to 
prepare external antigen designated as hot phosphate buffer 
saline extract antigen (HPBSE) and internal Sonicated Antigen 
(SA)[5].
2.2. Raising of anti B. canis sera 
  Anti- B. canis hyperimmune serum was raised in two healthy 
dogs using sonicated B. canis cells in freund’s incomplete 
adjuvant following the standard protocol. 
2.3. Immunochemical analysis of the prepared antigen
  The protein content of the prepared, antigen was determined 
by the modified Lowry’s method[6,7] using bovine serum 
albumin (Sigma) as standard. The carbohydrate content was 
measured by phenol sulphuric acid method[8] using D-glucose 
(Merck) as standard.
  The HPBSE and SA antigens were analyzed by SDS-PAGE 
(12.5%) on minigel[9]. Briefly, the samples were mixed with 
loading buffer in a ratio of 4÷1 and kept in boiling water 
bath for 5 min. The gel were run in vertical slab gel apparatus 
at 100 volts until the tracking dye reached the bottom and 
subsequently stained with R-250 coommassie blue[10]. The 
molecular weight of peptides was determined by comparing 
their relative mobility with that of standard molecular weight 
markers[11]. A linear gradient SDS-PAGE (5%-20%) of HPBSE 
and SA antigens was also carried out.
  Western blotting was performed as per Towbin and 
coworkers[12]. After the SDS-PAGE (12.5%), the peptide 
bands obtained were transferred onto the polyvinylidene 
fluoride (PVDF) membrane from the gel using a semidry 
electroblotting apparatus run at a constant current of 1 mA/cm2
for 120 min. Before putting the membrane into the assembly, 
it was dipped in 100% methanol for 30 sec. After blotting, the 
membrane was briefly air dried and transferred to a solution 
of 5% skim milk powder (SMP) in PBS-T overnight at 4 曟 to 
block the nonspecific sites, then washed three times with 
PBS-T and incubated at 37 曟 for 2h in 1÷200 dilution of B. 
canis hyperimmune serum, again washed and incubated 
with horse radish peroxidase-conjugated anti-dog antibody 
(1÷1 000) for 2h at 37 曟, again washed and developed in 
substrate solution (1 mg/mL Diaminobenzidine and 0.25 毺L/mL of 
30% H2O2 in PBS-T).
2.4. Collection of dog serum samples
  Altogether 527 dog blood samples were collected aseptically 
from various sources. Serum was separated and stored 
in micro-centrifuge tubes at -20 曟 without adding any 
preservative. 
2.5. Testing of serum samples
2.5.1. Mercaptoethanol tube agglutination test (2 ME-TAT)
  The test was performed according to the standard protocol[13] 
and a titer of positive samples was determined as 1÷200. The 
average titer of negative controls was 1÷25.
2.5.2. Agar gel immunodiffusion test (AGID) 
  The test was performed according to the method of Alton and 
coworkers[13] using agarose (0.8%) in borate buffer (0.03M, 
pH 8.3) containing sodium azide (1÷10 000). About 10-15 mL 
molten agarose was poured in each Petri plate and allowed to 
solidify. Wells of 4 mm were punched with one center well and 
5 adjoining wells at a distance of 5 mm from the center well. 
2.5.3. Dot-enzyme-linked immunosorbent assay (dot-ELISA)
  The dot-ELISA was done by the method of Batra and 
coworkers[14]. Briefly the nitrocellulose dipsticks were 
coated with 1 毺L of the antigens. The coated airstrips 
were air dried and blocked by dipping in 5% SMP in PBS-T 
overnight at 4 曟. The dipsticks after washing vigorously with 
PBST were allowed to react with test sera (1÷200) diluted 
in PBS-T for 2 h at 37 曟. Again the dipsticks were washed 
vigorously and dipped in rabbit anti-dog HRPO conjugate 
(1÷1 000; Genei, Bangaluru) diluted in PBS-T for 2 h at 37 曟.
Then washed with PBS-T and the reaction was visualized 
by dipping the strips in substrate solution containing DAB 
(1 mg/mL) and 0.04% H2O2 in PBST. In positive samples, there 
was a development of a brown dot within a minute. The color 
development was stopped by washing the dipsticks in distilled 
water. 
2.5.4. Indirect enzyme-linked immunosorbent assay (I-ELISA)
  The I-ELISA was done[15] using SA antigen. The optimum 
quantity of antigen for coating the plate as well as dilution of 
serum was obtained by checkerboard method[16].
2.6. Comparison of test’s results
  The relative sensitivity and specificity[17], and concordance 
percentage[18] were calculated.
3. Results 
3.1.  Immunochemical analysis of the antigens
  The protein content of HPBSE and SA antigen was found to be 
0.387 mg/mL and 0.195 mg/mL, respectively while carbohydrate 
content of the antigens was found to be 0.174 mg/mL
and 0.150 mg/mL, respectively. 
  The SDS-PAGE (12.5%)of the HPBSE and SA antigens revealed 6 and 
8 visible peptide bands in the range of molecular weight 18-80 kDa
(18, 28, 45, 68, 70 and 80) and 12-45 kDa (12, 14, 18, 22, 24, 30, 
33 and 45), respectively (Figure 1). However, linear gradient 
gel (5%-20%) showed only 4 and 6 bands in the range of
12-45 kDa and 14-94 kDa in case of HPBSE and SA, 
respectively (Figure 2).
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Figure 1. SDS-PAGE (12.5%) of HPBS and SA antigens and its 
western blot.
Lane A: MW Marker; Lane B: HPBS; Lane C: SA.
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Figuer 2.  Linear gradient SDS- PAGE (5-20%) of HPBS and SA.
 A: MW Marker; B: HPBS; C: SA.
  
  On  wes te rnb lo t  ana lys i s  o f  the  an t igens ,  the 
immunodominant bands of MW 12, 28, 39 and 45 kDa were 
obtained in case of HPBSE whereas SA showed bands of 20-
24 kDa on the PVDF membrane (Figure 1).
3.2. Seroprevalence of canine brucellosis by testing of sera 
samples by different serological tests
  2 ME-TAT: Out of 527 samples tested by 2 ME-TAT, 12 
(2.27%) samples were found to be positive.
  AGID: Using hyperimmune sera raised in dog against both 
the antigens HPBSE and SA, definite precipitation lines were 
obtained in between the serum well and the antigen wells 
in both the cases, showing reaction of complete identity 
between these antigens. However, HPBS was found to 
produce more specific, repeatable and sharper precipitation 
line. HPBSE was used in AGID to test the collected sera and 
1.5% seroprevalence of canine brucellosis was detected. 
  dot-ELISA: The dot-ELISA was performed using both 
HPBSE and SA antigens and both the antigens gave positive 
brown dots indicating positive results but the latter was 
found to give more specific and repeatable results and a 
seroprevalence of 3.03% of canine brucellosis was found.
  I-ELISA:  I-ELISA was found to be more sensitive as it 
detected the highest seroprevalence of canine brucellosis 
(16.12%). Out of 527 samples subjected to different tests, 
a total of 346 serum samples were negative by all the tests 
while only one sample was positive by all the tests. I-ELISA 
was taken as standard test and relative sensitivity and 
specificity of the tests were calculated. In comparison to 
I-ELISA, 2 ME-TAT, dot-ELISA and AGID had poor sensitivity 
of 6.50%, 9.78% and 8.69%, respectively. However, relative 
specificity of 2 ME-TAT, dot-ELISA and AGID were high 
(96.32%, 95.63% and 91.49%, respectively). A higher 
concordance percentage of 80.65% was observed between 
dot-ELISA and ELISA and 2 ME-TAT and ELISA whereas 
similarity between AGID and ELISA was found to be 77.04%.
4. Discussion
  Serological diagnosis of infections caused by B. canis 
is very difficult, especially in cases without distinct 
clinical signs and an adequate immunological response. 
Some serologically negative cases have been described 
with positive bacterial isolation. The cause of false 
positive reactions may be infection of the organism with 
Pseudomonas aeruginosa, Streptococcus faecalis, Bordetella 
bronchiseptica, etc[19]. In this study, both external (HPBSE) 
and internal (SA) antigens were prepared; immunochemically 
characterized and employed to assess their specificity in 
the diagnosis of Brucella infection in dogs. The protein and 
carbohydrate contents of SA were less than those reported by 
Carmichael and coworkers[20]. The number of peptide bands 
found in SDS-PAGE (12.5%) of HPBSE was 6 in present study, 
while only 2 protein bands of 30 and 28 kDa were reported 
in another work[21]. It may be because of the fact that they 
purified cell wall antigen by immunosorbent column. 
Carmichael and workers[20] found more than 30 peptide 
bands ranging from 80-200 kDa on SDS-PAGE analysis of the 
SA antigen, out of which only 10-12 significant immunogenic 
proteins were identified on western blot. In another report, 
immunoblotting analysis of B. canis antigen revealed several 
bands of molecular weight 94-80, 64-50, 35, 32-30, 28, 23, 
20-18, 15-12 kDa[22]. In our study, The SA revealed 8 peptide 
bands on SDS-PAGE (12.5%), the western blotting of which 
revealed a fused band of 20-24 kDa only. These differences 
might be due to the difference in strains of B. canis used for 
preparation of antigens and techniques applied.
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  Hot saline extract cell wall antigens are regarded as 
specific for rough (R) or smooth (S) Brucella. In contrast to 
cell wall antigens, both R and S Brucella contain common 
internal antigens[23]. Initially both HPBS and SA were used in 
AGID in present study but the former was found to be more 
specific, repeatable and gave a sharp precipitation line. 
HPBSE was found to be more suitable antigen for AGID and 
SA for dot-ELISA and I-ELISA for the diagnosis of canine 
brucellosis, which was similar to the findings of Radojicic 
and associates[24] when they developed a dot-ELISA with 
two different antigens prepared from B. canis strain RM 6/66 
namely soluble sonic and outer membrane proteins and 
found that protein of soluble sonic extracts of B. canis were 
reliable and highly specific for the rapid diagnosis of canine 
brucellosis. Wanke[25] has mentioned that ELISA using the 
cytoplasmic antigens of Brulla abortus is more sensitive than 
ELISA performed with cell wall antigens of the M-Brucella 
strain which is highly specific but a little less sensitive. 
Similarly, it has been shown that both cytoplasmic protein-
ELISA and hot saline extract ELISA are highly specific and 
sensitive for the diagnosis of canine brucellosis and can 
detect the infection by B. canis shortly after the exposure to 
the pathogen[26]. 
  A maximum of 16.12% seroprevalence of canine brucellosis 
was observed by I-ELISA while 2 ME-TAT, AGID and dot-
ELISA detected a seroprevalence of 2.27%, 1.5% and 3.03%, 
respectively, in the present study. This discrepancy was 
attributed to the higher analytical sensitivity of I-ELISA. 
However, Mosallanejad[27] reported the prevalence of B. 
canis antibodies to be 4.5% in Iran and Taner[28] reported 
the seroprevalence of B. canis infection in two provinces 
of Turkey to be 7.73% by 2 ME-TAT and 7.45% by ELISA. 
In India, Srinivasan[29] reported a seroprevalence of 1.9% 
in Madras city and Aulakh et al[30] who observed 9.8% 
prevalence in dogs from Punjab state by using canine 
brucellosis antibody test kit. Canine Brucellosis has become 
endemic in southeastern of Iran[31] and the prevalence of 
B. canis in two reports from Iran has been recorded to be 
10.62%[32]  and 29.5%[31]. Around 39% and 14.1% prevalence 
was reported in Korea[2,33] and 2.5% in Japan[34]. In a report 
from Argentina, of 224 dogs, 33 (14.7%) were positive by 
rapid slide agglutination test, 24 (10.7%) of which were 
confirmed by IELISA[35]. Corrente et al[36] has also reported 
B. canis from Italy .
  Both RBPT and TAT are considered to be highly sensitive 
but not specific due to serological cross reactions. Addition 
of 2-mercaptoethanol in TAT increases the specificity of the 
test by inactivating the IgM antibodies responsible for the 
crossreactivity.
  The relative sensitivities of AGID and dot-ELISA were found 
to be quite low indicating that these tests could not detect 
most of the cases that came positive by I-ELISA. Similar 
observation was also made by Lucero and associates[37] and 
Keid et al[38]. However, the relative specificities of AGID and 
dot-ELISA have been calculated to be 91.49% and 95.63%, 
respectively indicating the fact that most of the samples 
negative to I-ELISA were also negative to AGID and dot-
ELISA. In a study, ELISA using heat soluble bacterial antigen 
extract showed a sensitivity of 91.18% and specificity of 
100%[39-42].
  The concordance between tests gives an idea about 
the agreement between the tests so as to know whether 
this combination of serological tests can be applied for 
diagnosing the disease correctly. However, the concordance 
is greatly affected by sensitivity and specificity of the tests 
under consideration[43]. The concordance percentage of AGID 
and dot-ELISA with I-ELISA was 0.77 and 0.80, respectively 
which is quite satisfactory whereas in another report, ELISA 
showed a concordance index of 0.84 with AGID[44] and 
Taner[28] has reported the similarity of 96.42% between 2 
ME-TAT and ELISA whereas this study found the similarity 
between these two tests to be 80.65%. Keid et al[38] reported 
a concordance of 0.36 between AGID and blood culture 
whereas Kim et al [2] reported the agreement between 2ME-
RSAT and Immunochromatographic assay to be 0.89.
  On the basis of the results of present study, we concluded 
that HPBSE is suitable antigen for AGID, which is more 
specific, whereas SA antigen is suitable for I-ELISA, which 
is a highly sensitive test. Association of epidemiologic data 
with direct and indirect methods of diagnosis is necessary 
to reach to definite diagnosis of Brucella infection in dogs. 
Results of serological tests should be backed up by blood 
culture and/or PCR but as these tests take up much time 
and expertise as well as laboratory set up, methods like 
immunochromatographis assay are also available and give 
quite good results. As humans can be infected with B. canis, 
although cases are rarely diagnosed, this disease assumes a 
significant public health importance and it is necessary to 
know the prevalence of canine brucellosis in our dogs.
Conflict of interest statement
  We declare that we have no conflict of interest.
Acknowledgements
  The authors are thankful to the Director, IVRI, Izatnagar 
for providing necessary funds and facilities for carrying out 
the study. The financial support provided to the first author 
in the form of Junior Fellowship by ICAR, New Delhi is duly 
acknowledged. This paper is a part of M.V.Sc. thesis submitted 
to the Deemed University, IVRI, Izatnagar.
References
[1]   Carmichael LE, Bruner DW. Characteristics of newly recognized 
species of Brucella responsible for infectious canine abortions. 
Cornell Vet 1968; 58: 579.
[2]   Kim JW, Lee YJ, Han MY, Bae DH, Jung SC, Oh JS, et al. 
Evaluation of immunochromatographic assay for serodiagnosis  of 
Brucella canis. J Vet Med Sci 2007; 69: 1103-1107.
[3]   Carmichael LE, Zoha SJ, Flores-Castro R. Problems in the serodiagnosis 
of canine brucellosis: dog responses to cell wall and internal antigens of 
Brucella canis. Dev Biol Stand 1984; 56: 371-383.
Sharma Barkha et al./Asian Pacific Journal of Tropical Medicine (2011)857-861 861
[4]   Lopez G, Ayala SM, Escobar GI, Lucero NE. Use of Brucella canis 
antigen for detection of ovine serum antibodies against Brucella ovis. 
Vet Microbiol 2005; 105: 181-187.
[5]   Zoha SJ, Carmichael LE. Serological responses of dogs to cell wall and 
internal antigens of Brucella canis. Vet Microbiol 1982; 7: 35-50.
[6]   Lowry OH, Rosenberg NJ, Farr AL, Randall RJ. Protein measurement 
with the folin phenol reagent. J Biol Chem 1951; 193: 265-275.
[7]   Peterson GC. Review of the folin phenol quantitation method of Lowry, 
Rosenbrough., Far and Randall. Annal Biochem 1979; 100: 201-220.
[8]   Dubois M, Gillos KA, Mamilton JK, Rebers PA, Smith F. Calorimetric 
method for determination of sugar and related substances. Anal Chem 
1956; 28: 350-356. 
[9]   Laemmli UK. Cleavage of structural proteins during the assembly of the 
head of bacteriophage T. Nature 1970; 227: 680-685 (London).
[10] Blum H, Beir H, Gross HJ. Improved silver staining of plant proteins, 
RNA and DNA in polyacrylamide gel. Electrophoresis 1987; 8: 91-93.
[11] Rosenberg IM. Protein analysis and purification. Boston: Benchtop 
Techniques; 1996, p. 75-77.
[12] Towbin H, Staehelin T, Gordon J. Electrophoretic transfer of protein 
from polyacrylamide gels to nitrocellulose sheets: procedures and some 
applications. Proc Natl Acad Sci 1979; 76: 4350-4353(U.S.A.) .
[13] Alton GG, Jones LM, Peitz DE. Laboratory techniques in brucellosis. 
2nd ed. Geneva: Monograph Series; 1975,  p. 149-154.
[14] Batra HV, Chand P, Mukherjee LGR, Sadana JR. Dot - enzyme linked 
immunosorbent assay for detection of antibodies in bovine brucellosis. 
Res Vet Sci 1989; 46: 143-146.
[15] Nielson K, Heck F, Wagner G, Stilla J, Rosenbaum B, Flores E. 
Comparative assessment of antibody isotype to Brucella abortus 
by primary and secondary binding assays. Prev Vet Med 1984; 20: 
197-204. 
[16] Kumar P. Evaluation of diagnostic test for serodiagnosis of brucellosis 
in animals and abattoir personnel.  M.V.Sc. Thesis. IVRI, Izatnagar 
(Bareilly) U.P.: Deemed University; 1995.
[17] McDiarmid SC,  Hellstorm JS. An intradermal test to screen dogs 
entering Australia for antibody to Brucella canis. Australian Vet J 1987; 
63:  375-377.
[18] Perrin P, Sureau P. A collaborative study of an experimental kit for 
rapid rabies enzyme immunodiagnosis (RREID). Bull WHO 1987; 65: 
489-493.
[19] Hollett RB. Canine brucellosis: Outbreaks and compliance. 
Theriogenology 2006; 66: 575-587.
[20] Carmichael LE, Joubert JC, Jones L. Characterization of Brucella canis 
protein antigens and polypeptide antibody responses of infected dogs. 
Vet Microbiol 1989; 19: 373-387.
[21] Serikawa T, Iwaki S, Mori M, Muragachi T, Yamada J. Purification of 
a Brucella canis cell wall antigen by using immunosorbent coloumns 
and use of antigen in enzyme linked immunosorbenr assay for specific 
diagnosis of canine brucellosis. J Clin Microbiol 1989; 27: 837-842.
[22] Ebani VV, Cerri D, Fratini F, Bey RF, Andreani E. Serological 
diagnosis of brucellosis caused by Brucella canis. New Microbiol 2003; 
26: 65-73.
[23] Baldi PC, Wanke M M, Loza  M E, Monachesi N, Fossati CA. Diagnosis 
of canine brucellosis by detectin of serum antibodies against an 18kDa 
cytoplasmic protein of Brucella spp. Vet Microbiol 1997; 51: 273-281.
[24] Radojicic S, Lako B, Duricic B, Valcic M. Dot-ELISA as a rapid 
method for serological diagnosis of canine brucellosis. Acta Veterinaria 
Beograd 2001; 51: 317-324.
[25] Wanke MM. Canine brucellosis. Anim Rreprod Sci 2004; 82-83: 
195-207.
[26] Baldi PC, Wanke MM, Loza ME, Fossati CA. Brucella abortus 
cytoplasmic proteins used as antigens in an ELISA potentially useful for 
the diagnosis of canine brucellosis. Vet Microbiol 1994; 41: 127-134. 
[27] Mosallanejad B, Ghorbanpoor Najafabadi M, Avizeh R, Mohammadian 
N. A serological survey on Brucella canis in companion dogs in Ahvez. 
Iranian J Vet Res 2009; 10(4): 383-385.
[28] Taner O, Mehmet A, Baris SO, Yasar T, Alper C. Seroprevalence of 
Brucella canis infection of dogs in two provinces in Turkey. Turk J Vet 
Anim Sci 2005; 29: 779-783.
[29] Srinivasan V, Nendunchelliyan S, Venkatraman KS. Prevalence of 
canine brucellosis in urban and rural areas of Tamilnadu. Ind Vet J 
1992; 12: 39.
[30] Aulakh, RS , Gill JPS, Kaur S, Joshi DV. Studies on canine brucellosis 
in Punjab state of India and their public health significance. Epidemiol 
Santé anim 1997; 4: 31.
[31] Akhtardanesh B, Ghanbarpour R, Babaei H, Nazeri M. Serological 
evidences of canine brucellosis as a new emerging disease in Iran. Asian 
Pac J Trop Dis 2011; 3:177-180.
[32] Behzadi MA, Mogheiseh A. Epidemiological survey of Brucella canis 
infection in different breeds of dogs in Fars Province, Iran. Pak Vet J 
2011; 31: 140.
[33] Bae DH, Lee YJ. Occurrence of canine brucellosis in Korea and 
polymorphism of Brucella canis isolates by infrequent restriction site-
PCR. Korean Vet J 2009; 49: 105-111.
[34] Kimura M, Imaoka K, Suzuki M, Kamiyama T, Yamada A. Evaluation 
of a microplate agglutination test (MAT) for serological diagnosis of 
canine brucellosis.  J Vet Med Sci  2008 ; 70(7): 707-709.
[35] Lopez G, Ayala SM, Efron AM, Gomez CF, Lucero NE. A serological 
and bacteriological survey of dogs to detect Brucella infection in Lomas 
de Zamora, Buenos Aires province. Revista Argentina de Microbiologia 
2009; 41: 97-101.
[36] Corrente M, Franchini D, Decaro N, Greco G, Abramo MD, Greco MF, 
et al. Detection of Brucella canis in a dog in Italy. New Microbiol 2010; 
33: 337-341.
[37] Lucero N, Escobar G, Ayala S, Lopez G. Sensitivity and specificity of an 
indirect enzyme linked immunoassay for the diagnosis of Brucella canis 
infection in dogs. J Med Microbiol 2002; 51: 656-660.
[38] Keid LB, Soares RM, Morais ZM, Richtzenhain LJ, Vasconcellos SA. 
Brucella Spp. isolation from dogs from commercial breeding kennels in 
Sao Paulo state, Brazil. Brazilian J Microbiol 2004; 35: 161-166.
[39] Olieveira MZD, Vale V, Keid L, Freire SM, Meyer R, Portela  RW, et al. 
Validation of an ELISA method for the serological diagnosis of canine 
brucellosis due to Brucella canis. Res Vet Sci 2011; 90(3): 425-431.
[40] Akhtardanesh B, Ghanbarpour R, Babaei H, Nazeri M. Serological 
evidences of canine brucellosis as a new emerging disease in Iran. 
Asian Pac J Trop Dis 2011; 1(3): 177-180.
[41] Rahimi MT, Sharifdini M, Ahmadi A, Laktarashi B, Mahdavi SA, 
Kia EB. Hydatidosis in human and slaughtered herbivores in 
Mazandaran province, northern Iran. Asian Pac J Trop Dis 2011; 
1(3): 212-215.
[42] Antony B, Prasad BPMR. An outbreak of neonatal septicaemia by 
Enterobacter cloacae. Asian Pac J Trop Dis 2011; 1(3): 227-229.
[43] Thrusfield M. Veterinary epidemiology. 3rd ed. Oxford: Blackwell 
Science Ltd.; 2005.   
[44] Barrouin melo SM, Poester FP, Ribeiro MB, de Alcantara Al, Aquir PH, 
Nascimento IL, et al. Diagnosis of canine brucellosis by ELISA using an 
antigen obtained from wild Brucella canis. Res Vet Sci 2007; 83(3): 
340-346.
